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Introduction
Flow statistics, such as flow duration, n-day high-flow frequency, and n-day low-flow frequency, can be used to characterize flow of a certain magnitude at a location of interest on a stream and are important to Federal, State, and local agencies for water-supply planning and management and waterquality regulatory activities. Flow statistics are also used in design and management decisions for hydroelectric facilities, reservoir storage, fish passage, temporary control of water during construction, culverts, bridges, and irrigation. An accurate calculation of flow statistics is dependent on the availability and quantity of measured flow records on a stream. Although flow statistics can be calculated at streamflow-gaging stations, statistical techniques can be used to make estimates of flow statistics at locations where streamflow-gaging stations do not exist. If the stream location where a flow statistic is needed is close to a streamflow-gaging station, then streamflow information can be extrapolated from the streamflow-gaging station record using a drainage-area ratio method (Perry and others, 2004) . For locations farther away from streamflow-gaging stations, regression equations that relate flow statistics with physical and climatic characteristics of drainage basins can be used.
The U.S. Geological Survey (USGS), in cooperation with the North Dakota State Water Commission, the North Dakota Department of Transportation, the North Dakota Department of Health, the Red River Joint Water Resources Board, and the Devils Lake Basin Joint Water Resource Board, developed regression equations for estimating flow duration, n-day high-flow frequency, and n-day low-flow frequency statistics for ungaged sites in North Dakota. In addition, the regression equations developed from this study also are included in the North Dakota StreamStats Web-based tool that can be accessed at http://water.usgs.gov/osw/streamstats/. StreamStats allows users to obtain flow statistics, drainage-basin characteristics, and other information for user-selected sites on a stream. Using a geographic information system based interactive map of North Dakota, the user can "point and click" at a location in a stream, and StreamStats will rapidly delineate the basin upstream from the selected location, calculate climatic and basin characteristics, and provide estimated streamflow statistics. The user also can "point and click" on USGS streamflow-gaging stations and receive flow statistics and information about those stations. 
Regression Equations to Estimate

Purpose and Scope
This report presents the results of statistical analyses used to compute seasonal flow duration, seasonal n-day high-flow frequency, and seasonal n-day low-flow frequency statistics at unregulated sites in North Dakota using unregulated daily mean streamflow-gaging station data for period of record through water year 2009. A water year is the 12-month period October 1 through September 30 designated by the calendar year in which it ends. North Dakota has several streamflowgaging stations that only operate seasonally; therefore, seasonal statistics were computed for March through September. The statistics computed include seasonal flow durations (at the 10th, 25th, 50th, 75th, and 90th percent exceedances); the 1-, 7-, and 30-day seasonal mean low flows for the 2-year (0.5 exceedance probability), 5-year (0.2 exceedance probability), and 10-year (0.1 exceedance probability) recurrence intervals; and the 1-, 7-, and 30-day seasonal mean high flows for the 10-year (0.1 exceedance probability), 25-year (0.04 exceedance probability), and 50-year (0.02 exceedance probability) recurrence intervals. In addition, this report also describes the development of regression equations that relate selected climatic and basin characteristics to these flow statistics. These equations can be used to provide estimates of flow conditions at ungaged sites. A minimum of 10 years of unregulated streamflow record were required for streamflowgaging stations to be included in the statistical and regression analyses.
Previous Studies
Statistical flow summaries have been documented by Haffield (1981) , Wiche and Williams-Sether (1997) , WilliamsSether and Wiche (1998) , Williams-Sether (2012) and Williams-Sether (2015) for selected sites in North Dakota. Development of regression equations for estimating flow statistics such as flow duration, n-day high-flow frequency, and n-day low-flow frequency at ungaged sites have not been attempted within North Dakota. 
Calculation of Seasonal
Flow Duration
Flow durations represent the percentage of time that a given flow, measured during a specified time interval, has been equaled or exceeded during that time interval; for example, a 90-percent flow exceedance represents a streamflow that is equaled or exceeded 90 percent of the time. Flow durations characterize the range of flows for the period during which data were collected. Flow duration statistics are computed by sorting the daily mean streamflow values for the period of record from the largest to the smallest and assigning each streamflow value a rank, starting with one for the largest value. The exceedance probabilities are then computed using the Weibull formula for computing plotting position (Helsel and Hirsch, 1992 )
where P is the probability that a given flow will be equaled or exceeded (percentage of time); M is the ranked position, from highest to lowest, of all daily mean flows for the specified period of record (dimensionless); and n is the number of daily mean flows for the period of record (dimensionless). Flow duration statistics are usually computed on an annual basis; however, for this study, flow duration statistics were computed for a seasonal period of March through September to avoid having too sparse of a database. In others words, there would have been too few streamflow-gaging stations with complete annual daily flow records. An internal (not publicly available) USGS computer program, DVSTAT, part of the USGS Automated Data Processing System (U.S. Geological Survey, 2003), was used to compute the seasonal flow durations. The DVSTAT completes these computations by tallying flows in 35 classes, with class boundaries based on the range of data analyzed. The 10th-, 25th-, 50th-, 75th-, and 90th-percent seasonal duration flows for streamflow-gaging stations used in this study are listed in table 1 (at the back of this report).
High-Flow Frequency and Low-Flow Frequency
N-day high-flow frequency data are determined from a series of the highest mean discharges for some specified time period of n consecutive days; for example, an annual series of 7-day high flows consists of the highest mean discharge during any 7-day consecutive period during each year of record. The n-day high-flows were computed for a seasonal period of March through September. Likewise, n-day lowflow frequency data are determined from a series of the lowest mean discharges for some specified time period of n consecutive days; for example, an annual series of 7-day low flows consists of the lowest mean discharge during any 7-day consecutive period during each year of record. The n-day lowflows were computed for a seasonal period of March through September. In both cases, the series was ranked in order of magnitude, and then the recurrence interval for each value was computed and a plot of the streamflows against their respective recurrence interval was prepared (Riggs, 1972) . Recurrence intervals typically are computed by fitting a log-Pearson Type III distribution to the data. The USGS computer program Surface-Water Statistics (SWSTAT) accessed through the U.S. Environmental Protection Agency Better Assessment Science Integrating point & Non-point Sources program (BASINS) (http://www2.epa.gov/ exposure-assessment-models/basins) was used to load data and compute the n-day high-flow and n-day low-flow frequency statistics. The SWSTAT program produces the series of n-day values, determines the maximum or minimum values for each year, ranks the time period series, fits the time period series to a log-Pearson type III distribution, plots the resulting curves, and extracts the specified high-or low-flow frequency statistics. The n-day high-flow frequencies are expressed in terms of exceedance probability and the n-day low-flow frequencies are expressed in terms of non-exceedance probability. The SWSTAT program provides adjusted frequency values if the n-day low-flow statistics contain zero values. The values for the 1-, 7-, and 30-day seasonal mean high flows at 10-, 25-, and 50-year recurrence intervals; and the values for the 1-, 7-, and 30-day seasonal mean low flows at 2-, 5-, and 10-year recurrence intervals used in this study are listed in table 1 (at the back of this report).
Basin and Climatic Characteristics
The basin and climatic characteristics used as possible explanatory variables in the development of regression equations were generated by the North Dakota StreamStats Web tool (Williams-Sether, 2015) . The 17 basin and climatic characteristics that were generated by the North Dakota StreamStats Web tool are described in table 2. The hydrologic zones A, B, and C ( fig. 1 ) previously defined by Williams-Sether (1992 , 2015 are used in this study.
To determine a subset of basin characteristics that might best explain the variations in the flow statistics, the REG procedure within the Statistical Analysis System (SAS) program was used (SAS Institute, Inc., 1990) . The REG procedure fits linear regression models using a least-squares method. Usefulness of multiple independent variables was tested for significance in a model using the STEPWISE selection method, which adds variables one by one to the model if the assigned F-statistic significance level is attained. A significance level of 0.08 was assigned for variable entry into a model, but a significance level of 0.05 was chosen to determine which variables were selected to stay in a model.
Development of Regression Equations
A regression model can be developed using flow statistics and basin and climatic characteristics of streamflow-gaging stations to estimate flow statistics at ungaged sites where basin and climatic characteristics can be measured. Multiple linear regression analyses were used to determine which basin and climatic characteristics (the independent variables) best explain, statistically, the variations in the flow statistic (the dependent variable). Regression analyses were also used to develop the final equations that relate the dependent and independent variables.
Ordinary-least-squares (OLS) regression within the commercial statistics and data-management software S-Plus (MathSoft, 1999) was used to develop the final regression equations for the 1-, 7-, and 30-day seasonal mean high flow for the 10-year (0.1 exceedance probability), 25-year (0.04 exceedance probability), and 50-year (0.02 exceedance probability) recurrence intervals for hydrologic zones A, B, and C (table 3) . The basin characteristics used in the final n-day high-flow frequency regression equations were drainage area (DRNAREA) for zones A, B, and C ( fig. 1) , percentage of basin drainage area that drains to isolated lakes and ponds (ISOLAKEDA) for zones A and B, ruggedness number (RUG-GED) for zone B, and sum of length of all mapped streams (STREAMLENGTH) for zone C. The coefficient of determination (R 2 ) is used to quantify how well the data fits a regression equation. The R 2 value will range between 0 (indicating no fit) and 1 (for a perfect fit). An adjusted R 2 is a modified version of the coefficient of determination (R 2 ) that has been adjusted for the number of predictors in the model. The adjusted R 2 increases only if the new term improves the model more than would be expected by chance. It decreases when a predictor improves the model by less than expected by chance. The adjusted R 2 can be negative, but it's usually not. It is always lower than the R 2 . For a regression equation with more than one variable, the adjusted R 2 value can also be expressed as a percentage; for example, an adjusted R 2 of 0.90 indicates that 90 percent of the variation in the data can be explained by the regression equation. Adjusted R 2 values for the n-day highflow equations ranged from 80.37 to 94.53 percent for zone A, 84.64 to 93.56 percent for zone B, and 55.87 to 81.26 percent for zone C.
The presence of zero values in the flow durations and n-day low-flow frequencies made using OLS regression impractical because of the need to use logarithmic transformations in the regression equation development. To include zero values in a logarithmic transformation analysis, the Tobit analysis was used. Tobit analysis is a widely accepted maximum-likelihood method for estimating a regression-like model when adjusted data are present (Tobin, 1958; Judge and others, 1985; Cohn, 1988) . Adjusted data are either censored or have had a discrete value added to them. Censored data are less than a threshold value that is increased to the censoring value (for example, all values less than 0.7 are increased to 0.7). Discrete values are added to all data before logarithmic transformation and then subtracted from all final regression model values.
The Survival Regression Procedure in the S-Plus 2000 software package (MathSoft, 1999) was used in this study to fit the Tobit models. A Tobit analysis was completed for each of the flow durations and for the n-day low-flow data sets using a censored value (tables 4 and 5, respectively). The censored values used were determined from graphical analyses of the non-zero data. Regression equations were unable to be developed in hydrologic zone A for the low-flow 7-day 5-year, 7-day 10-year, and 1-day 10-year frequencies because of lack of data. The basin characteristics used in the final flow duration regression equations were drainage area (DRNAREA) for zones B and C, percentage of basin drainage area that drains to isolated lakes and ponds (ISOLAKEDA) for zone B, compactness ratio (COMPRAT) for zone A, sum of length of all mapped streams (STREAMLENGTH) for zones A and C, minimum basin elevation (MINBELEV) for zone C, mean annual precipitation (PRECIP) for zone C, and slope ratio (SLOPERAT) for zone C. The measure of fit of the Tobit analysis model is quantified by the value of Chi 2 statistic (the higher the value, the better the fit). Values of Chi 2 ranged from 13.49 to 47.78 for zone A, 36.96 to 117.94 for zone B, and 22.76 to 61.22 for zone C. The basin characteristics used in the final n-day low-flow frequency regression equations were drainage area (DRNAREA) for zones A, B, and C, sum of Table 2 . Basin and climatic characteristics generated by the North Dakota Streamstats Web tool used in the development of seasonal flow duration, n-day high-flow frequency, and n-day low-flow frequency regression equations for North Dakota streams. [ft 3 /s, cubic foot per second; chi 2 , used to measure goodness of fit and to test hypotheses and obtain confidence intervals for the variance of a normally distributed variable; Q px , duration flow for x exceedance probability; ≤, less than or equal to; STREAMLENGTH, sum of length of all mapped streams, in miles; COMPRAT, compactness ratio, dimensionless; DRNAREA, drainage area, in square miles; ISOLAKEDA, percentage of basin drainage area that drains to isolated lakes and ponds, in percent; MINBELEV, minimum basin elevation, in feet (North American Table 5 . Regression equations for seasonal n-day low-flow frequency estimates in North Dakota.
Characteristic name
[ft 3 /s, cubic foot per second; chi 2 , used to measure goodness of fit and to test hypotheses and obtain confidence intervals for the variance of a normally distributed variable; Q ndxyr , n consecutive day mean low flow at the x-year return interval; ≤, less than or equal to; STREAMLENGTH, sum of length of all mapped streams, in miles; COMPRAT, compactness ratio, dimensionless; CSL1085LFP, stream slope, change in elevation between points 10 and 85 percent of length along the longest flow path, in feet per mile; DRNAREA, drainage area, in square miles; ISOLAKEDA, percentage of basin drainage area that drains to isolated lakes and ponds, in percent; SOILPERM, average soil permeability, in inches per hour; SLOPERAT, slope ratio, dimensionless]
Regression equation
Range 
Limitations of the Regional Regression Equations
The following limitations should be considered when using the regression equations to compute flow durations and n-day flow frequencies for North Dakota streams: (1) the stream sites should be in rural drainage basins and not significantly affected by urbanization or regulation, (2) the explanatory variables should be computed using the same geographic information system techniques that were used to develop variables for the regression equations, and (3) the explanatory variables should stay within the range of the data used to develop the regression equations as shown in tables 3, 4 and 5.
Web Application for Solving Regional Regression Equations
The North Dakota StreamStats Web application (http:// water.usgs.gov/osw/streamstats/) incorporates the new flow duration, n-day high-flow, and n-day low-flow regression equations and will provide streamflow estimates for most unregulated sites in the State. Streamflow estimates will not be available for sites on a stream considered to be regulated or for unregulated sites that have some part of a drainage basin outside the area covered by North Dakota StreamStats. The Web application includes (1) a mapping tool to specify a location on a stream where flow statistics are desired; (2) a database that includes peak-flow, duration, and n-day frequency statistics, hydrologic characteristics, location, and descriptive information for all USGS streamflow-gaging stations used in this study; and (3) an automated geographic information system procedure that measures the required basin and climatic characteristics and solves the regression equations to estimate flow statistics for user-selected sites. Using North Dakota StreamStats to compute the flow statistics discussed in this report will also help avoid "misuse" of the regression equations by alerting users when a selected site has one or more basin and climatic characteristics outside the range of values identified in tables 3, 4, and 5.
Summary
The U.S. Geological Survey, in cooperation with the North Dakota State Water Commission, the North Dakota Department of Transportation, the North Dakota Department of Health, the Red River Joint Water Resources Board, and the Devils Lake Basin Joint Water Resource Board, used seasonal mean daily flow data from 119 U.S. Geological Survey streamflow-gaging stations in North Dakota; the surrounding states of Montana, Minnesota, and South Dakota; and the Canadian provinces of Manitoba and Saskatchewan with 10 or more years of unregulated flow record to develop regression equations for flow duration, n-day high-flow, and n-day low-flow using ordinary least-squares and Tobit regression techniques. Regression equations were developed for seasonal flow durations at the 10th, 25th, 50th, 75th, and 90th percent exceedances; the 1-, 7-, and 30-day seasonal mean high flows for the 10-, 25-, and 50-year recurrence intervals; and the 1-, 7-, and 30-day seasonal mean low flows for the 2-, 5-, and 10-year recurrence intervals. Basin and climatic characteristics determined to be significant explanatory variables in one or more regression equations included drainage area, percentage of basin drainage area that drains to isolated lakes and ponds, ruggedness number, stream length, basin compactness ratio, minimum basin elevation, precipitation, slope ratio, stream slope, and soil permeability. The adjusted coefficient of determination for the n-day high-flow regression equations ranged from 55.87 to 94.53 percent. The Chi 2 values for the duration regression equations ranged from 13.49 to 117.94, whereas the Chi 2 values for the n-day low-flow regression equations ranged from 4.20 to 49.68. 
